Summary
is often low or absent (18, 19 (20) that a patient with pancreatic lipase deficiency absorbed erties of the triglyceride-hydrolyzing activities of lingual lipase around 5~ of !he dietary triglycerides.
(from von ~b n e r s glands) and pancreatic lipase. Secretion of Lipase activity has been found in gastric contents from pre-and lingual lipase is stimulated by feeding. Gastric contents collected full-term infants and in adults (9, 12, 15) . This activity postyprandial1y from patients with cystic fibrosis (CF) at least to some extent. in pharyngeal tissue (2, 14) . Recently, lipase activity which is probably secreted from pharyngeal tissues. Hamosh and Burns (13) showed that in the human the ~b~~~ Also, duodenal contents from CF patients contained lipase activity ,,lands located in the posterior region of the tongue secrete this with ropert ties very close to those found in gastric contents from lipase, the so-called lingual or pharyngeal lipase. This is in agree-CF patients and controls. Apparently, the serous glands respon-ment observations made in the rat and calf (2, 21) . The sible for the secretion of lingual lipase is less affected than the properties of this lipase makes it very suitable for action in the exocrine pancrease in this disease.
stomach. It is very resistant to acid inactivation (9) . Its optimal ~u r i n~ fat balance experiments, CF patients utilized around catalytical activity is found in the pH range of 5.4 to 6.5 (2, 12) 40% of the dietary lipids and more than 50% of milk lipids given as which is close to what is prevailing in the stomach after a food a test meal were hydrolyzed in the duodenum within 2 hr.
intake. The release of lingual lipase is stimulated by feeding (9), In these patients with severe pancreatic insufiiciency, we sug-which further supports a role in lipid digestion. After mixing with gest that the lingual lipase is responsible for a considerable the food in the pharynx, the is swallowed, and in the proportion trigl~ceride This starts in the stomach, it hydrolyzes dietary lipids to partial glycerides and fatty stomach and continues in duodenum.
acids. This may be the first step in the fat digestion (12) . In view of these known facts, it was of interest to study whether lingual Speculation lipase activity is present in gastric and duodenal contents from D~~ to pancreatic insufiiciency, duodenal contents in cystic patients with cystic fibrosis and, if so, if this activity could be of fibrosis patients is low in proteolytic enzyme activities and also for the lipid digesti0n in these patients. low in p~. ~h , ,~, lingual lipase is not rapidly inactivated, and, TO test this, we designed a method for discriminating between furthermore, intraluminal pH is near the optimum for catalytic lingual and pancreatic lipase using their different pH optima and activity of the lingual lipase. hi^ lipase is active in the dudenum the inhibition by protein of pancreatic lipase previously demonwhere it hydrolyzes a considerable amount of dietary triglycerides. strated
4).
We find it quite probable that the lingual lipase in a similar manner is responsible for a substantial hydrolysis also in healthy subjects, MATERIALS AND METHODS especially in the newborn period where postprandial pancreatic lipase activity is comparatively low (10) . ' 
CF PATIENTS
Gastric and/or duodenal contents were collected through an Dietary lipids are normally hydrolyzed by the action of several infant feeding tube as described before (9, 10) from six patients enzymes secreted from the pancreas. Most important of these is with cystic fibrosis (28, 29) . In each case, the diagnosis was based the pancreatic lipase which readily hydrolyzes dietary triglycerides on elevated electrolyte concentrations in at least two sweat tests to monoglycerides and fatty acids (3, 17) . Pancreatic juice also (sodium >75 mmoles x I-'; chloride >I00 mmoles x I-') and in contains a carboxylester hydrolase activity (8) , in this study re-some cases on determinations of fecal chymotrypsin activity which ferred to as esterase, which mainly acts on water-soluble substrates, was low or absent. All patients also had varying degree of male.g., p-nitrophenyl acetate. In the presence of bile salt, however, it absorption at the time for diagnosis and were treated with panhydrolyzes lipids, e.g., monoglycerides, cholesterol esters, retinol creatic enzyme preparations. This treatment was discontinued, esters. etc. (8) . It may, thus, be of significance in the digestion of however, for at least 12 hr before this study was undertaken. these compounds.
Gastric contents were collected before and about 1 hr after the Patients with cystic fibrosis (CF) almost invariably have exo-test meals from four patients: cases J. R. (age, 10 years), S. J. (age, crine pancreatic insufficiency (6) leading to poor utilization of 15 months), and L. N. and T. N. (see Table 1 ). Duodenal contents dietary lipids, and supplementation of exogenous enzyme prepa-were collected 2 to 3 hr after feeding from cases presented in rations is often necessary to decrease steatorrhea. The fecal fat Table 1 . All samples of gastric and duodenal contents from C F excretion may vary greatly during nonsupplementary periods, patients were much more viscous than those obtained from conalthough lipase activity in duodenal contents from these patients trols. The test meals given were cow's milk except for case L. N. (pasteurized human milk) and case S. J. (cow's milk-based formula). The fat load in all cases was 1 g fat per kg body weight.
CONTROLS
Samples of gastric contents were collected from four healthy preterm infants and three infants with pyloric stenosis. Gastric contents were collected before and after feeding pasteurized human milk. All bile-stained samples were discarded.
Duodenal contents were collected from five fasting infants during an intestinal biopsy procedure and from four healthy fasting adults. Duodenal contents were collected only after fluoroscopic control of the position of the biopsy capsule or the feeding tube.
LABORATORY PROCEDURES
Sweat tests were carried out using standard pilocarpine iontophoresis technique. Fecal fat was determined according to van de Kamer et al. (24) on 3 days consecutive stool collections. Lipid cornposition in duodenal contents was analyzed as described previously (22) .
DETERMINATIONS OF ENZYME ACTIVITIES
Lipase activity was determined against short and/or long chain triglycerides, i.e., tributyrin or triolein. The assay with tributyrin was performed at pH 5.5 or pH 8.0. Details of the assay were as previously described (9) .
The method using long-chain triglycerides was essentially that described elsewhere (2) . with the following additions and alterations. The buffer was left out in the initial assay mixture. Different buffers, pH 3.5 to 6.0 citrate, pH 6.0 to 7.5 phosphate, pH 7.5 to 9.0 Tris-HC1, and pH 9.0 to 10.5 glycine-NaOH were added to the individual test tubes to a final concentration of 0.1 M. Incubations were carried out either including 2.8% bovine serum albumin or 8 mM CaC12.
Resistance to acid inactivation of lipase activity was tested in duodenal contents from T. N. and from one of the controls as follows. Samples of duodenal contents were incubated in 5 to 10 volumes of 0.15 M NaCl in 1.0 M citrate-phosphate buffer, pH 3.0, for 25 min at 25'C. Lipase activities were then determined at pH 5.5 and pH 8.0 using tributyrin as substrate.
Esterase activity was determined against p-nitrophenyl acetate essentially as described by Erlanson (7) . For further details of assay systems, see previous reports and legends to Table 1 and  Figures 1 to 5. One enzyme unit is defined as that amount of enzyme that releases 1 pmole of fatty acid or I pmole ofp-nitrophenol per min. Units x ml-' refers to enzyme activity in 1 ml of enzyme source. Fig. 2 . Composition of reaction products formed during in vitro hydrolysis of emulsified triolein by gastric content from T. N. Incubations were performed as described previously (2) . TG, triglyceride; DG, diglyceride; MG, monoglyceride; GL Y, glycerol.
PREPARATION OF ENZYMES
Lingual lipase was prepared from rat tongue as previously described (2) . Pancreatic lipase was purified from porcine pancreas according to Verger et al. (25) omitting the final ion exchange chromatography.
T l M E I r n l n l Hydrolysis of tributyrin by gastric and duodenal contents at pH 8.0 (@) and at pH 5.5 (0): a, 0.002 ml of duodenal content from one of the controls; b, 0.1 ml of duodenal content from T. N.; c, 0.1 ml of gastric content from T. N., and d, 0.05 ml of gastric content from one of the controls. Incubations were performed as described previously (9, 10) .
RESULTS

SELECTIVITY OF LIPASE ACTIVITY DETERMINATION
To discriminate between the activities of the two enzymes that you expect to find in duodenal contents, i.e., lingual lipase and pancreatic lipase, the pH optima of each enzyme was determined. Long-chain triglyceride was used as substrate, and the determinations were made in two systems including either bovine serum albumin or CaC12. Lingual lipase had a pH optimum of around 6.0 both when using bovine serum albumin (Fig. I ) and CaC12, not shown. The activity was of the same magnitude in both systems. Pancreatic lipase had a pH optimum of around 8.5 when using CaC12 (Fig. 1) but had no activity at all when using albumin. Thus, using albumin or CaC12 as acceptors of the released fatty acids, you could tell whether lingual or pancreatic lipase is responsible for the measured lipase activity.
GASTRIC CONTENTS
Gastric contents collected from fasting C F patients were often more acid (pH 1.6 to 3.2) than those obtained from fasting controls (pH 2.0 to 3.9). After feeding, gastric pH increased in all cases, and values around pH 5 were usually recorded.
During fasting, lipase activities in gastric contents from both C F patients and controls were usually low, but in all cases, the lipase activities increased after the test meals. The lipase activity in gastric contents from four C F patients, when measured against tributyrin at pH 5.5 varied within the range of 0 to 9 units x ml-' before feeding and 4 to 28 units x ml-' after feeding. The corresponding values for seven infant controls were 0 to 7 units x ml-I before feeding and 22 to 78 units x ml-' after. Similar patterns were obtained when using triolein as substrate at pH 6.0 with albumin in the system. The values were for two C F patients 0 and 0.9 to 4.0 units X ml-', before and after feeding, corresponding to 0.4 to 1.5 and 2.0 to 5.2 for the controls. Gastric contents from one of the cases showed optimal lipase activity against emulsified triolein around pH 6 (data not shown), and during hydrolysis of this substrate, there was an initial rapid release of mainly diolein and even at about 40% hydrolysis of the triglyceride diglyceride was the major partial glyceride found (Fig. 2) . This correlates well with the lipid composition in duodenal contents after feeding (Fig. 3) , where the triglycerides had decreased to less than 50% after 2 hr postprandially with a corresponding increase of fatty acids and partial glycerides. pH dependence of the lipase activity in duodenal contents measured using long-chain triglycerides as substrate with either 8 mM CaC12 ( a ) or 2.8% bovine serum albumin ( b ) in the system. @, adult control; 0, mean values of three CF patients (cases L. N., T. F., and N. L.).
DUODENAL CONTENTS
Duodenal contents collected from controls were often slightly alkaline (pH 5.9 to 7.7) whereas those obtained from CF patients were more acidic (pH 4.0 to 7.0). All samples of duodenal contents obtained from controls contained high lipase and esterase activities (Table 1) . During routine determination of lipase activity against tributyrin higher enzyme activity was invariably found at pH 8.0 than at pH 5.5 (Fig. 4a) .
In samples of duodenal contents from CF patients, both lipase and esterase activities were much lower than in controls (Table I ; Fig. 4 ) which is in good agreement with observations made by others (19) . In contrast to the controls, lipase activities in these samples were invariably higher during assays at pH 5.5 than at pH 8.0 (Table I; Fig 4b) . The pH-optimum of the lipase activity, measured against long-chain triglycerides as substrate, from one control was as expected around 8.5 when including CaC12 in the system (Fig. 5a ). This correlated well with the pH optimum for pancreatic lipase (Fig. 1) . If CaClz was exchanged for albumin, most of the activity was lost, and the pH optimum was shifted to around 6.0 (Fig. 56) . The lipase activity in duodenal content from CF patients, on the other hand, had the same pH-optimum with both fatty acid acceptors, i.e., around pH 6.0 (Fig. 5 ) which is very close to that of the pharyngeal lipase preparation (Fig. 1) and also similar to the pH optimum of gastric content lipase activity (2) . When incubated in the albumin-containing system, the enzyme activities of duodenal content from both control and CF patients were of about equal magnitude (Fig. 56) .
Lipase activity in duodenal contents from T. N. was much more resistant to acid inactivation than lipase activity obtained from controls; after 20 min incubation at pH 3.0, more than 85% of initial lipase activity was still present whereas in the control virtually all lipase activity was lost during this procedure.
In spite of low intraluminal activity of both lipase and esterase in case L. N., milk lipids were extensively hydrolyzed during the test meal (Fig. 3) . Fat balance studies were performed on two cases (T. N. and L. N.), and the absorption coefficients were 47 and 41%, respectively.
DISCUSSION
Only a few CF patients secrete sufficient amounts of digestive enzymes to maintiin normal growth without enzyme supplementation (I I). The six CF patients studied in this report had characteristic signs of exocrine pancreatic insufficiency and were taking exogenous pancreatic enzymes with their meals. Nevertheless, during fat balance studies without pancreatic enzyme preparations, two of the patients absorbed more than 40% of the dietary lipids. Similar results have been reported by others (18, 23) . We have previously found that gastric contents collected during fasting often contain little or no lipase activity, but this enzyme activity is always present in samples of gastric contents obtained after feeding (9) , and in this study, identical observations were made in CF patients. Thus, the present study clearly shows that gastric contents from CF patients contain lipase activities with properties that are similar to those found in healthy subjects.
Duodenal contents from CF patients contained low but significant lipase activities (Table 1) . To our knowledge, the properties of these lipase activities have not been studied in detail previously. We found that there were great similarities between the lipase activity in gastric and duodenal contents from CF patients and lingual lipase prepared from rat tongue (compare Figs. 1 and 5) . It is also similar to the characteristics of the lipase activity in gastric contents from patients with pyloric stenosis reported previously (2). These observations indicate that a lipase, presumably lingual lipase, passes through pylorus and is present in an active form in duodenum. Due to the pancreatic insufficiency in CF, intraluminal proteolytic activity is low, and thus the lipase is not rapidly destroyed (5) , and furthermore, the pH in the duodenum is close to the pH optimum of lingual lipase. It has been reported that bile salts inhibit the activity of lingual lipase (l3), but the bile salt concentration prevailing in the duodenum of CF patients is too low to give any significant inhibition (16) . Thus, further hydrolysis may take place in the intestine. This is clearly shown in Fig. 3 where more than 50'30 of milk triglycerides had been hydrolyzed within 2 hr. This study supports the hypothesis that lingual lipase is responsible for some if not all of the hydrolysis of dietary triglycerides that do take place in the CF patients receiving no pancreatic supplementation.
